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Abstract: 

PURPOSE: To improve alignment accuracy without adding any hardware by calculating correlation 
results using a template corresponding to an alignment mark and a template where either a right half 
or a left half is shifted by one point. 

CONSTITUTION: Light from an alignment lighting device 1 1 is applied to an alignment mark on a 
wafer 5 mounted on an XY stage 7 and the reflection light is subjected to photoelectric conversion 
by an alignment sensor 12, is A/D-converted by an A/D converter 101, and then is stored at a storage 
102. A first operation block 103 performs correlation operation with the template for only the edge 
part of a mark to calculate a first correlation result. A second operation block 104 shifts the right half 
or left half within a range where correlation operation is made by one point and performs correlation 
operation with the template to calculate a second correlation result. A mark center detection block 
106 synthesizes the first and second correlation results to create a third correlation result and the 
mark center is calculated by using it. 
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[ o o 3 i ] m i *#.ii/t, &mmmia<sv2>Gm-& 

[ 0 0 3 2 ] *HJSP>I(C4B^-C. XY^f-yTiK 1 ) 

•^5f2. U^i'^3*sJ:iy t ^S*U>X4%a-2,Ci 
40 (C«fc-^r^^ - f->i3ft/cS3feM^gl*e.©M 

[0033] ftg^fcti-v-? (^0^) «, XYXf 

^-^ = 7-10, 57-13, *g4^©tasjs 

fU>X4SID. fig^ft-B-7-i'?:MHJ-r-2.. BU» 
HJ{Cj:»3^T-5{4g^*D-t±-7-i'©»(i > ^x^5-C 
JS3*L. AWiPlDigSg^jik-p-r^-^S^-l o*a 
j§U 77-/^> Hz>tH 2CCAtt-rS. 77^f^> 
50 h-fe>1fl 2«. CCD*^7^©X';rH2>-^*SC^ 



(7) 



- 9 4 3 1 5 



11 

& * 2 -ooivim&m 2 scs* $ ft & £ 5 «cffl*-^ft § ft /c 

&©-C*ofc9. 131— S3i1fo<Di><DX$>-oXi>. W£h<D 

mm<D$> h h <ov$> s . urn 2 ©^ffljsiJ^ 

SC^-T J: *> Jteff#*sffi^Sft*o 
[0035] ftH^&SftfcM^tt. fig^fcrti"?-* 

tamngi ooccjco-caOiSSft*. &g^*>-tt-7-* 
t&m^g looa, A/D^»s^g 101. iat£»g 1 
02.01 ?ngt^a v i7 1 0 3 , m2mnyo y?io 
4. humm&i 0 5*s<fcDfv-^^c^ffl 

■^p 9 * 1 0 6 j: k> mi&z ft* ^©asaft mt 
mftmmmmmm 1 4 ^m^j^ ft . ximm&m&s. 1 

[0036] r5^^>H2>-9- 1 2l,c£i)%Mm&Z 
ft/tfl-«ttt. A/D^MIl 0 1 iC^oT^iuKf 

m,c%r&2ti, m&vristummffimtLxizmtt 

■arv-i'^m^gl 0 01*)©^* V 1 0 2fclBlt3ft 

£l(r)=2SCr+07X0 

f=-a 



12 



[0037] ^m^sftfc«$gco 1 ^m^r . 

0 3 {C^n-f Si&5. 03 K ? h 

Sftfcfg-sf&Kfc^-r,, (ML.. 77^>H2 
1 2iUCCD^7«ti'©x'J7t>D-^ 
CfttcJ:^^tmt^«r^m^U/clS^{C«. v- 

[003 8] iats^ft/ciii^t»f6{cot,^-c«0 1 m*? 

Q3tm2m&-7v-jt>i 0 4Kr-€-ft^ftff 
10 #*!HE#sfT*>ft-5. v-i7 4J-C^myn * l 0 6«& 
?H»^a v ?<Dffinm$ikicm~in,>x{k&G1oi*-7-?<D 

[003 9] v-^ctJ^tH^a 9 ^ 1 0 6«cteW£-> 
i^(sig»m*fficcou-ctJ. 03£#j®l,-ci8Hjrr 

[ 0 0 4 0 ] m 1 jUS^d * 1 0 3 XlZ&LT<Dmn-Z: 

ifotE i zwta-rz. 

[0 04 1 ] 
[&6] 



*20 



(7) 



[0 04 2] 
[&7] 

7Xi)=r(-0 



tfl(r)= 2 (S(r-i)7X0+SCr+OT(O) 

<=-a 



(8) 



(9) 



* (7) tt«#«9B<t^>^U-h<t©«H«Wr* 



(9) tC^iS)^. S, T\ E 1 teol>T^3CD£ 

30 [0 04 3] fB2S8J?:/P v >? 1 0 4 "C6*JmT©a»«: 
tToTE2£frffi-r&o 
[0 044] 
[»8] 



^(rJ^CStr-OrW+SCr+l+OTXO) (10) 



S, T % E2{COl»ria3<D«rffliJgp^tC^ 0 
[0 04 5] v-^ip^Ui^D ^10 6tit SSI 

fo^s (id cc^-r. 

[0 04 6] 



F ( x 2 ) <Dfc*-^W-£t^k{£gr&£. EltE 

[0 04 7 ] El, E2*Jt«rrs<t, SBHSfctl^— C 
40 »2Sttfiif>^l/- 1 ■JRfl*HMOC&t? 

ri^ 0 El, E2CCOl>Tx£x— 1 , x + 1 CD 

[0 04 8] 
[»10] 



(8) 
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ElCr-l)=S(SCr-l-07XO+S(r-l+flr(0) (12) 

E2(r-l)-g(SCr-l-i)T(»)+S{r+i)7Xa) (13) 

£l(r)=g(S(r-07Xi)+S(r4-0T(0) (U) 

£2(r)=g(S(r-»)7X0+S(r+l+02X0) (16) 

El(r+l)=^(SCr+l-i)r(0+SCr+H-OT(t)) (16) 

E2Ct+l)=g(SCiM-l-i)7X0+S(r+2+0r(i)) (17) 



-94 3 15 
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±fe<D-&5££#M-r-2><!:, E2«E 1 ©I3£jf R8 L.r<,> * 3. m2ffiW7u -j i? 1 0 4©jlSliWg?->:/U~ H 



UnaffORiC. lB«#5«K?->:/U--h£8R}£ 20 
[0049] v-^tfi^m^n y >? i 0 65Cj:-5)±ia 

©^i^©aa*i»ai$ns-i:. m&smms.\ 4 

tiX Y^f-y 7 ©fig* U— tf-^gfcfc 9 r*-* b 

»r 5 ±tc u ^ 3 ©ihiss^ * - >zmyt 

30 

[0050] ±mutcm 1 ?n®^o ^103. 

S2iS®^a^l 0 4*$^D f v-^iMigtfc|ij:/o 
>i» 1 0 6«i^cDiaffl7 r aH2i--tJ"C||3i-r.5£:i*ir 

[0051] m2<ommm 

m 1 ^10 * 

E20r)=Z:(SCr-i)TXt)+SCF+i)T(i-l)) 



£^7 h StfctlMSiaTsliTStffi*!^^. ft 

©t\ khm:. ^rmg-r*. 

[00521^1 iHgt^n ^103 r«fcJT©iSiJ¥* 

!f->tE 1 srirai-rs,, 

[0053] 
t»l 1 ] 

El(x)-jt<S<^f)T(i)+S<x+i>ni)) (18) 

s(i8)«si (Dmmmicisuzii. ( 9 > £ibi--c& 

So 

[0 054] m2 ffiW7a v V 1 0 4 t?te«T©$jJI£ 

[005 5] 
[»12] 



*££?3©Sfi2©Slife{&l<!: LX. 



(19) 



SE 1 <tE2^tSLrF^fiXTS. FO^S 
(20) (C^ 0 
[0056] 
[S13] 

F ( x 2 ) ©b--^*W-^^(4g-c*S 0 SvS^ 
O^CiSMSEl, E2*tbl5-rS<b®l^ttIBJ- 



7 h3-t*-C8K?T(,>£o ?Ji2©^Wcte<,>-C&ffliJ-?-> 
h * l H5ft#F*j(IK:->:7 h 3#/c©B. S& l ©H 

»«©*S**i» 6 ft Z L . c ©5£©^«& a 13 ??SE-r 

[0057]%*}, *I^Wc*Jt^-Ct. ^l©*5fi^l 

tiBimc^ i m&-?u ^103, m2mn?a ••■> * 1 

0 4 te<fct*-?- ^l>ftg*fctij:/a -^106»1 £© 
[0 05 8] %3©gt$6ff!l 



(9) 



&m¥-8 -94 3 1 5 



15 

*%.w<Dm3<D9mmt lx. m i mn-?n ?t>io 

3. JR2fi*:/a9» 1 0 4©SiftW*ffi-9&UBIig 

[0059] ftmg&ztxtcmwmio i o&i£*-r * 

h-C&S. 7->7\s- Yte-7-i>x.vl>mcV 

[00601 11 ?Hm^C3 7 ?103 -CJiWTtDjSSL* 
tToTE 1 «:fffltS. 
[006 1] 



16 



(21) 



^(21) ttfi^ff? (IM3&CiKr&^S) 
h£Ji&0/ctBM^I|-C*&„ 
?i>SRftiWCJ:».». fflfi»2-3&fK 311 Cc 

[0062] m2 ; &m.-7Vi V if 104 X-aiUT<Dffi#* 

[0063] 30 
MR15] 

£2(r)=gS(r-0S(r+l+0 (22) 

•7- ^criftUJ^a * l o 6 r». » 
SBJUSJUE 1 £ E 2 *^idEl/F*mdE-S-*. F©^fiS* 

sc ( 2 3 ) cc^-r. 

[0064] 
[«16] 

F(r,)-P ltp) *«" 2r (23) 40 

[0065] fcfc. 3fcgeSB0l|{c*5«,»-r *>. SilwJSIiW* 

1 



* tmmicm 1 ^»^a ^103, f^nn^a » * 1 

0 4*5«fcD c v-i7iti^fl[|g*iai^n5'5' 1 0 6ttl£© 
[0 06 6] jjf4©Hfil5fll 

*^©04©*JSCT4L/T > mim&7a yi> 1 0 
3 . mzmw^a ^10 4<D?«®rtS*m2©«i^l 
KfcwatBWSIIIfcBiilfctir ^iSiltBMSIgffii uxm 

[0067] xwgm$titcmmgB<D 1 n&btt* 

^otl>t£l,>, t»«©^^^<75^ -^XfiK^tBK^ 

20 [0068] 
[»1 7] 

£lCr)= E |S(r-0-S(r+0 1 (24) 



F2Cr)-^|SCi-i)-SCr+l+i)| (25) 

3£ ( 2 4 ) . (25) ««f DJIL*tf*^{4g<Dfi-^©M 
LTl»*. ^3(DSI^Wl-C«^S[r*>ofc3!>s, 

-e*s. v-^^c^a^a -^ ? i o 6-c», &mn-f 

U y *OS*J&jRE 1 t E 2 ?r^LF £{f )£T£. F 
(DStftZX, (26) fC^„ 

[0 06 9] 

[«18] 

FCrJ-P lw Xa " 2r (26) 

fc/dU v- i^-c^Ui^o -^106 -ett, F 

F (x.) ttiM&F' (x 2 ) *fflt,>T. 

[007 0] 
[»19] 



£lCr) 



B2Cr) 



t 2 =2i 



x 2 =2z+l 



(27) 



(10) 
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[007 1 ] teto x *3S»Wc*$c»r fc. m i oUttffl 
04^J:a r v-^4 , ^eg^tH^n^^ 1 0 6tt 1£<D 
[007 2] fjl5g>||flfeffl 

[0 07 3] H4£#ffgLT, 4^Mecistt«ttB£ 

[ 0 0 7 4 ] *jOMItt, l/^^Jl/ei/Ox;^(D 
[0075] 1 &C^U/cJH 1 ©llJSWOfc 

*Kiw&i/^^ng«««3 o i*5j:»!saiai*u> 

X4©f8**R3ETi U>Xfg^ig»SS3 0 5«K 

m©ia6Wc*$tt*'v-:7 5 7- 1 o, 

3, fiHB^totfv-^JHWijaBl lteJ:t>'T7^> h 
-k>iM 2©fnfn^-7$ 7-30 2, ^7-3 20 

0 0, ffi«dto*^-^«8fl)i*«3 0 4*J:iyr^-f^ 

>h*fe>1f 3 0 3tLtcb<D~C&Z> 0 C<Dfk<Dffim*M 

[0076] 1&^mK.**V&\s*9 fr3<Dffi£&t>'& 
~?-t>teU*Z>)l3±lct>aA^Z->± 
& e XYX^-^7&Cjg*8£ftTl,>£^ X^5±«Ctt9 

[0077] Mr$)^(41^btv-^M^8S!3 0 
4fr*>mmLtcffiZ, 5 7-3 0 2, 5 7-3 0 30 

0, Ut^;U3, S®/Mgl5U>X4£iI0, »^x^5± 

;U3, ^^7^7-302^:111, 77^>h-fe> 
^3 0 3CCAI*-T4 0 CO, 

CCD#^7^<Dxt;742>1f&&^«, CCD7^> 
7* h^*-K^CD77-M> 3 0 

3icJ:ot7£^?ni) 0 
[007 8] U^^ScDfl^^btfv-*^ 

<hfr9, 77>f^ F-fe>1f 3 0 3rttffil>«±&*. 0 
[0079] ^ftSn/td^W, A/D£»«H 1 

o lccrA/DSBftsn, m&oimmmmtisxt&mm 

BWOiettSSH 1 0 2 CCffittSft*. 
[0080] 3t«E»StiyfctlWB© 1 oSJiWSiH 
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■Sf^SSr^To ffiU CCD#^7ft£<Dx';7-fe>1f 

[008 1] etf&K 1 0 tEMOX, Y 

v-* (XL. YL. XR. YR) , 6tt4oO«ft 

raw*. 

[008 2] IBtfi$ti/c4ocoHSt«?B«S4l5:K:, » 1 
?IgL7*n^^ 1 0 3iS2I|C^D^10 4ti^ 

1 0 6-Cfita^t)^v-^©i4J^4^4„ C(D<b#(D 
mm*. ^x^5cD{4g^^v-^(D4i^ (XLW 

*#)\,*?-#tp*b (XLR2) ©2*@^«IW*r4o C 
<DJ;5&C, •Jx^5iU^^3<!:*Sfe£CCff»JO, *B 

[008 3] ^-^*>C>(4g(Dft#^S«, *S6#J 1 
[0 084] XL. YL, XR, YR#^- ^<Dffl*tffJ 

x, Y*fa<D*sy htita. sima. 

e>, U^^JlHftBW»W13 0 UfclWf-yiWIi 
B8&i8ttOTf:7 K EB^#©fftE*frl^ ^x^ 

fiE»(coc»r». u>x«*re«&«B3 o 5 zmwj-?z 

CCU^^JU3(Z>HK^^->4»*"rS. 

[0 085] ^eonttw 

[0 08 6]i6^#ilt, 44mfflCC*Stt«ffiB£- 

[0087] *3gMMtt> «f/jN««U>X*ilSttl^ 

[0 088] ;*3gfc0fttH 1 lC9jkUtcm 1 ©ISIWW>fc 
<mc, *7r^^SB9H»4 0 l *RW, mio^SfeWf 
Cc*$6^5^-7 ^7- 1 0, 5 7-13, (4B^^v 

-^jhm*bi i*5<t^T7^^>h-fe>if i 2 co-en 

^n^r^-7 5 7-4 0 3, 5 7-4 02, fig^f 
v-^JB98«B40 5*Jjc^T7-<y>H2>1f 40 4 
<bU/ct>CDr*>4o C©ffi(D»J5S«BllCC^Lyt*10 

[0 08 9] XY^^— ^7(C«*3*ir^S^x^5 

[0090] ftm^&z&s£i>#v~?mjim&4 o 
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2t77f^»4 0 1 £MD. •Sx^SiO&g 
£*>tfv-*£BIBj-f £ a &K-£*>t*v ^ 

■b>-9-3 0 3CCAS*^S 0 CCD. {ag^b-B"?- £©#! 
«. CCD*>7H©xi;tHz>-^*'SIH*, CCD? 

4 0 4«Cj:o-C^^SnS. 

[009 1 ] -y-**'kftg©H-t?:fr!$W:. HJfcfll 1 *> 
hmMM4t,cmwvtc^-riri<Di><D*:hmi>ZZt&v 10 

[0 09 2] H?7©|gi6fli 

Da 7 ts&HBtc j; si^ios 6 <Dmmm<Dffif&zm 

[0 09 3] 07£#ffgLT. *SUitWc*$W£{aH£ 

[0094] #«S{a|K, ^HJCCj:S^j*^XU»ft 
SSgJCT U =^ ;l/ffi_L©/-c £ - >#{4S£*>1£ 3 20 

0 3±©7X^ + ? *5 0 2(C 
$Sg3*i-&7X^5 0 HC«XU«itSiJv-i'MB^g 

5 o sfrt><Dmwft&"-y 5 5-5 o 7*s£&^mm 

5 0 8*ftUXfflM2tiZ>. 7X/n5 0 1 ©±ffi«:W:0 

XbjHti9Iv-^<D^«>>x^5 0 1 -CSW^n, SO' 
Isl CUSSES. ^-7 5 5- 5 0 7 SrilSSU CCD 
^^©x^r-tO^* X, Y~iS©CCD 30 

5^>-fe>-9-. ?* wax- Ym<oxvmmmmm 

g5 0 4{CAWl/T36^»Sn4 0 
[0095] XHtfflgl5 0 O©«fiStt0 1 (C^b 

/cm i ©HJteWofeotiDaf^s/c^KgiHjtt^iiis-r 
s. i4s^*>-t±-7- *&a$ig i o o ©*im*sm«xu 
uraraiMSPSai 509 -sta^j ? n. x usu-a^g 

B5 0 6*^-0-CXY^^— $>5 0 3©s«ai*m>. * 
tc. mtimm.^ 1 o^uwrr*,, 
[0096] *jfe5Sf^«:*j(<irtftoii€>Xufi«lttlK:o 40 

[0097] @8{c^5nsxusi+a"jv-^©^{c3 

l^TT, WMv-? (OUTM) <Dtp>b£. ^M-7-i> 
( I NM) ©tp<l>££. n^«aii*^iusfi»i4©^-rn 

*>©#£-?, ffi^ffjXMEA, YMEAJ;0X«. Y 

Kiitco^-c^ii-en^. cn6©M^xufitta>j^ 
gftisi&gs o 9K.mniL-am2itz. xu&mm 

g*IJ»2£g 5 0 9 tt* 7— ¥mm&& 5 0 64/fUX 
Y^f-V>50 3£|g8bU ^©ffi©XL/SltSiI-7-l; 
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tix\.>zm&<Dmmt*kicait)giS5 1 o^KjMl. 

[0 09 8] 

[0099] 1 7i2lt#iI4 «:i^*S©<,>■r^•^©:£ 
^£K::la<,>•c^> > ^©^cctb^ 2 {g©«g-ctfcm-f 

&c<t#i>j#& i>**-c. ^m^«#e*i/2 

fcr&fcSOK: >^!^»*2<gK±C-fS^i*^ 

T'o^i'iSrV? h^xTKcfcoTglfr LTt,>;fc©&iE> 
«. S£5fc©V7 h7x7£Aft&*.S)W-C, fl|g£2 

±#£-C*£ 0 <ag£frttffiS#*J5rr&/cat> 

m«:^A-c#, tfefc©8S:ft3£g*fflU;fc*£. ttixffie 

£2{§sc±tfe>nSo 

[0100] ±IE©*^#W©^«l»^57!iMii 

mm i 2«:iai8©^*s^g(cRge.T > stijaii 3 

TbSiitJRgi 1 6 «:ie4S©fc©©<t -5 (cg££&©<igx u 
^^©v-^fig&fflKfefiJjrcSS. C©t§-& 

fe. fsmtcitautis?:2eKr6j±2-a-sci*5-c#s„ 

[0 1 ] #2fcBjigi 0**«-*4©38»«*sfTtoti* 

[0 3] *»WO«l|t*ffi*»iHr*3t«>©Hr*4. 
[04] #?Pj©|fr 5 ©H)56^1©!g«5S*^g©«RS* 

[05] #fSBJ©JJf 5 ©HJfiCTSUST^g-Cfi^ s n 

[0 6] 7t^<me<omtikm<ovasmmmomk't 

[07] *^bj<d^ 7 ©HifiCT©i8*SS:ftSSg©1f 

[08 ] *&w<Dm7 <DmMm<Dxi>&nm%is-em®. 

3 <l-S v- ^7 £7jVr0-C* -5. 

[09] tS:i?S^g©^*p!l5:|fiBJ-r S fc«>©0-C* 

[010] ^©fflBgjii#©5gs.^*^0-cs,s. 

1 m^tmmms. 

2 + y i> 
3 

4 &US5*U>X 
5,50 1 •^x-'n 

6, 50 2 'JiAj't^ 



(12) #B8¥8-943 1 5 
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7, 503 XYXf-i/ 


* 1 0 5 




8, 50 6 V>WmkW. 


1 0 6, 


2 0 6 v~*rtM>teHJ: 


9 U-tf-Tg*it 


3 0 1 




1 0, 302. 40 3, 507 >^-V 5 "y- 


40 1 




11, 30 4, 405. 505 ffi«^to*v- 


*JS 50 0 






504 




1 2, 303, 404 7^-^>Hz>U* 


5 0 8 




13,300.402 $7- 


509 


xu»HKi«KfW»stES 


1 4 B3HgBMffi£3B 


5 1 0 




1 0 0. 2 00 ffirab#v-*t*ffi«B 


10 T f->^U-h 


10 1. 2 0 1 A/D^&^g 


S ft 




1 0 2. 202 IBttSS 


E ffi 




103 sfimc/a?? 


F £ 




104 ft2S0t:/ci9* 


* 




[■2] 


[H 


3] 




BEST AVAILABLE COP^ 



(13) 



®m¥8 - 9 4 3 1 5 




BEST AVAILABLE COPY 



(14) 



-94 3 1 5 



[04 J 



S 




BEST AVAILABLE COPY 



(15) 



-94 3 15 



[05] 



ims] 




YMEA 



OUTM 



INM 




XMEA 



[010] 



w 2k + 1*^ ■ 2k + 2*^ 





CA) CB) 



BEST ^'UBLe COPV 



-94 3 1 5 



[06] 





BEST AVAILABLE COpv 



(17) 
[07] 



-94 3 1 5 




BEST AVAILABLE COPY 




BEST AVAILABLE COPY 



